HYDROPOWER GENERATION APPARATUS AND METHOD 
FIELD OF THE INVENTION 
This invention relates to apparatus and methods for generating power utilizing the 
flow of water from an upper water body to a lower water body in order to generate an 
5 upward buoyant force on at least one buoyant object located in a chamber. In preferred 
I embodiments, water is recycled between at least two chambers which generate upward 
J and downward strokes of at least two buoyant objects. 

BACKGROUND OF THE INVENTION 

10 Because the supply of fossil fuels, natural gas, and other natural fuels is finite and 

because the processing and/or consumption of such fuels produces significant detrimental 
amounts of pollution, alternatives to such fuels have been experimented with, and in 
some cases implemented over the years. The need for alternatives to such natural, 
pollution producing fuels is further compounded by the rapidly expanding population of 

1 5 the Earth which is increasing the consumption of such fuels at a exponential rate. 

As a result, heretofore, various alternatives to such fuels have been experimented 
with over the years. For example, many attempts have been made at harnessing the power 
pf solar energy, water energy, or so-called non-polluting gases such as hydrogen. In this 
regard, although various hydropower machines have been developed and/or proposed in 

20 decent times, few of these machines have been successful in practical application, a 

notable exception being a conventional turbine (i.e. located at a dam). Examples of such 
hydropower machines are exemplified by U.S. Patents 659,609; 3,983,702; 4,586,333; 
and 4,720,976. It is believed that known hydropower devices, such as those disclosed in 
the aforementioned patents, are not often, if at all, commercially employed primarily due 

25 to complexity, inherent inefficiencies, and/or exorbitant manufacturing or maintenance 
costs. 

In view of the above-enumerated drawbacks, it is apparent that there exists a need 
in the art for apparatus and/or methods which overcomes at least one of the above 
drawbacks. It is a purpose of this invention to fulfill these needs in the art, as well as 
30 other needs which will become apparent to the skilled artisan once given the above 
disclosure. 
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SUMMARY OF THE INVENTION 
Generally speaking, this invention fulfills the above-described needs in the art by 
providing: hydropower generation apparatus comprising: 

a first chamber having at least one inlet for introducing water therein and at least 
5 one outlet for evacuating water therefrom; 
; a first buoyant object located in the first chamber, the first buoyant object 

communicating with a power extraction mechanism for extracting generated power; 

a second chamber having at least one inlet for introducing water therein and at 
least one outlet for evacuating water therefrom; 
10 a second buoyant object located in the second chamber, the second buoyant object 

communicating with the power extraction mechanism; 

the first chamber having at least one inlet selectively fluidly connected to an 
outlet of the second chamber; 

the second chamber having at least one inlet selectively fluidly connected to an 
1 5 outlet of the first chamber; 

wherein introducing water into the first chamber causes the first buoyant object to 
rise in the first chamber thereby causing an upstroke to generate power; 

wherein evacuating water from the second chamber causes the second buoyant 
object to fall in the second chamber thereby causing a downstroke to generate power; 
20 * wherein introducing water into the second chamber causes the second buoyant 
object to rise in the second chamber thereby causing an upstroke to generate power; 

wherein evacuating water from the first chamber causes the first buoyant object to 
fall in the first chamber thereby causing a downstroke to generate power; 

wherein the first chamber is capable of selectively evacuating water to the second 
25 chamber to assist in an upstroke of the second buoyant object in the second chamber, and 
the first chamber is capable of selectively evacuating water from the first chamber to a 
lower water body; and 

wherein the second chamber is capable of selectively evacuating water to the first 
chamber to assist in an upstroke of the first buoyant object in the first chamber, and the 
30 second chamber is capable of selectively evacuating water from the second chamber to a 
lower water body. 
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In further embodiments, there is provided: 
hydropower generation apparatus comprising: 

at least one chamber having at least one inlet for introducing water therein and at 
least one outlet for evacuating water therefrom; 
5 a buoyant object located in the chamber, the buoyant object communicating with 

a power extraction mechanism for extracting generated power; 

wherein introducing water into the chamber causes the buoyant object to rise in 
the chamber thereby causing an upstroke to generate power; 

wherein evacuating water from the chamber causes the buoyant object to fall in 
10 the chamber thereby causing a downstroke to generate power; 

wherein the buoyant object includes at least one ballast compartment and at least 
one ballast valve for opening and closing the ballast compartment, wherein the ballast 
valve of the ballast compartment is operable to take on water in order to increase the 
weight of the buoyant object during the downstroke and the ballast valve is operable to 
1 5 evacuate water from the ballast compartment in order to decrease the weight of the 
buoyant object during the upstroke. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a three-dimensional perspective view of one embodiment of the 
hydropower apparatus according to the subject invention. 
20 FIG. 2 is an overhead, plan view of the embodiment illustrated in FIG. 1 with 

certain parts shown in x-ray. 

FIGS. 3A, 3B, 3C, 3D, 3E, and 3F sequentially illustrate the operation of the 
apparatus illustrated in FIG. 1, in diagrammatic form, recycling water back and forth 
between first and second chambers to produce upward and downward strokes of first and 
25 second buoyant objects. 

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS 
For a more complete understanding of the present invention and advantages 
thereof, reference is now made to the following description of various illustrative and 
30 non-limiting embodiments thereof, taken in conjunction with the accompanying drawings 
in which like reference numbers indicate like features. 
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Referring initially to Figs. 1 and 2, an exemplar embodiment of a hydropower 
apparatus 1 according to the subject invention is illustrated therein. Generally speaking, 
hydropower apparatus 1 comprises first and second water holding chambers 3 and 5 
which contain first and second buoyant objects 7 and 9 respectively. In the illustrated 
5 embodiment, chambers 3 and 5 are large rectangular cavities, the dimensions of which 
can be selected according to various factors including cost, the amount of power to be 
generated, or the space availability at the site location. Example dimensions for the 
cavities as contemplated for practical use are 600 x 200 feet. Buoyant objects 7 and 9 are 
preferably sized so that, when installed in the chambers, the tolerances between the walls 

10 of the chambers and walls of the buoyant objects are minimized. In this regard then, in an 
example embodiment, the preferred dimensions and shape of the buoyant objects are 
roughly equivalent to the dimensions and shape of the interiors of chambers 3 and 5 
minus approximately .01-5%. Using such close tolerances, the amount of water which 
must be introduced into chambers 3 and 5 to produce an upward stroke of buoyant 

15 objects 7 and 9 is minimized. 

In preferred embodiments, rollers or similar mechanisms are installed in the 
chamber walls guiding buoyant objects 7 and 9 (or between the walls and the buoyant 
objects) thereby to assist in producing smooth, level upward and downward strokes 
during operation. 

20 As can be seen most clearly in Fig. 2, each chamber 3 and 5 includes a plurality of 

inlets 15 and outlets 17 for introducing water into the chambers to produce upstrokes and 
for evacuating water from the chambers to produce downstrokes. Although no particular 
design of such inlets and outlets is required, it is preferred that the both inlets and outlets 
15 and 17 have high flow rates and be sufficient in number so that chambers 3 and 5 can 

25 be filled and drained quickly, and in preferred embodiments, substantially 

instantaneously (e.g. over a period of one to several seconds). Inlets and outlets with 
large diameters are therefore preferred. In order to further assist in efficient filling and 
draining of the chambers, it is important, in preferred embodiments, that hydropower 
apparatus 1 be located at the intersection (or between) an upper water body 1 1 and a 

30 lower water body 13. More specifically, it is preferred that chambers 3 and 5 be located at 
an intermediate elevation between the greater elevation of upper water body 1 1 and lesser 
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elevation of lower water body 13. In this manner, chambers 3 and 5 can be filled and 
drained using the flow of water due to gravitational forces. In order to accomplish such 
gravitational filling and draining, inlets 15 are positioned so that they are in fluid contact 
with upper water body 1 1 and outlets 17 are located so that they are in fluid contact with 
5 lower water body 13 (the piping of the inlets and outlets is, of course, oriented at 
appropriate angles to achieve efficient inflow and outflow of water to and from the 
chambers). 

In order to regulate inflow and outflow of water, a plurality of valves 19 are 
provided (some of which are illustrated diagrammatically in the drawings) which can be 

10 opened or closed as desired. Such valves, in effect, control the operation of the invention 
by controlling the filling and draining of chambers 3 and 5 and thereby controlling the 
upstrokes and downstrokes of buoyant objects 7 and 9. In preferred embodiments, 
butterfly type valves are employed, however, any valve capable of high flow rates and 
quick opening and closing may, of course, be use. 

15 As may further be seen in Fig. 2, chambers 3 and 5 are selectively fluidly 

interconnected via a manifold 20 located between the two chambers. In order to achieve 
fluid connectivity, valves 19 can be opened or closed on either side of the manifold 
(where they are seated in opposing walls of chambers 3 and 5). In particular, valves 19, 
located in manifold 20, enable the unique recycling feature of the subject invention which 

20 will be described in more detail in the paragraphs below. It is additionally noted that 
manifold 20 includes its own inlet 15 and outlet 17 which can be used in concert with 
valves 19 to increase chamber filling and evacuating rates as desired. 

Referring again to Figs. 1 and 2, pedestals 39 are, in preferred embodiments, 
located on either side of hydropower apparatus 1 and support a rotatable shaft 33 carrying 

25 a pair of flywheels 41. In the illustrated embodiment, rotatable shaft 33 is in 

communication with vertical shafts 35 and 37 (via gears) extending from buoyant objects 
7 and 9, respectively, thus forming a power extraction mechanism 3 1 for extracting 
power generated by upstrokes and downstrokes of buoyant objects 7 and 9. As may be 
expected, when vertical shafts 35 and 37 stroke upwards or downwards with buoyant 

30 objects 7 and 9, their interaction with shaft 33 causes it to rotate correspondingly (due to 
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the splined interconnection). Although not illustrated, shaft 33 is preferably connected to 
a power generator device 45 (e.g. via a series of gears, etc.). 

It is importantly noted that no specific power extraction mechanism or power 
storage mechanism is contemplated for exploiting the power generation features of the 
5 subject invention. In this regard, power extraction mechanism 3 1 is merely illustrated to 
demonstrate one possible manner of extracting power from apparatus 1. It is 
acknowledged, however, that other conventional or known power extraction mechanisms 
may be more efficient, more reliable, or more cheaply or easily constructed. In this 
regard, one example of a substitute power extraction mechanism which could be 

10 employed in combination with the subject invention is described in U.S. Patent 659,609, 
issued to Joseph J. Mclntyre, and entitled WAVE AND TIDAL ENGINE. 

At a hypothetical starting point in preferred operation of the subject device as 
illustrated in Fig. 3 A, water is first introduced into chamber 5 thereby to cause an 
upstroke of buoyant object 9 residing therein. In normal operation, chamber 3 will 

1 5 already have been filled and therefore will be evacuated of water substantially 

simultaneously with the filling of chamber 5. Filling and evacuating occurs through inlets 
and outlets 15 and 17, respectively, as well as through manifold 20. As discussed only 
briefly above, manifold 20 may be used to boost filling and evacuating rates. This is 
accomplished in preferred embodiments by the opening of valves 19 in the manifold on 

20 the walls of both chambers. When the valves are opened as such, water from the chamber 
which is full (e.g. chamber 3 in Fig. 3 A) will drain rapidly into the manifold and 
thereafter pass through the valve located on the wall of the opposite chamber (e.g. 
chamber 5 in Fig. 3 A) thereby to effect an filling thereof. It is noted, of course, that when 
the water in the two chambers is at equal heights, water from the manifold will no longer 

25 continue to fill the "filling" chamber (i.e. because an effective equilibrium has been 

reached between the chambers). Therefore, manifold valves 19 on the chamber which is 
being filled should be closed at the achievement of equilibrium between the chambers, 
while the inlets 15 of the "filling" chamber remain open. In this manner, the draining 
chamber assists the upstroke of the filling chamber, and when equilibrium between the 

30 chambers is reached, the inlets complete the filling thereof. This operational process is 
illustrated in detail in the sequence of Figs. 3A, 3B, and 3C. 
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It is noted that, in theory, the "filling" chamber can accept exactly half of the 
volume of the "draining" chamber before equilibrium is reached. In practice, however, 
less than half of the volume of water is transferred from one side to another simply 
because inlets 15 are assisting in filling and therefore accounting for a portion of the 
5 equilibrium water level achieved. 

It is further noted that once valves 19 of the "filling" chamber are closed, water 
continues to drain from the draining chamber both into manifold 20 having its own outlet 
and out of the remaining outlets 17 situated around the periphery of chamber 3. It is still 
further noted that it is advantageous to locate filling and draining valves 19 opposite one 

10 another on opposing manifold/chamber walls. In this manner, flow from one chamber to 
another is most efficient due to reduction in frictional forces (by minimizing the 
obstruction of water flow). 

Referring now to Figs. 3D, 3E, and 3F, these figures illustrate the reverse of the 
operation illustrated in Figs. 3A-3C. In Fig. 3D, chamber 5 has been filled with water and 

15 buoyant object 9 has completed an upstroke. In order for buoyant object 9 to begin its 

downstroke, chamber 5's outlets open, as well as do valves 19 connected to manifold 20. 
Simultaneously, valves 19 connected to chamber 3 open as well as do inlets 15 fluidly 
connected thereto. In this manner, water exits outlets 17 of chamber 5 and enters chamber 
3 via valves 19. Filling of chamber 3 is assisted, of course, with the addition of water 

20 from inlets 15. When equilibrium is reached between chambers 3 and 5, once again, 
valves 19 connected to chamber 3 close while inlets 15 connected thereto remain open 
until filling thereof is complete. Moreover, outlets 17 connected to chamber 5 remain 
open until enough water is evacuated therefrom to complete a downstroke. Afterwards, 
the process repeats itself with water recycling back and forth between the chambers and 

25 water being added and removed with inlets and outlets 15 and 17, respectively, thereby to 
produce alternating upstrokes and downstrokes to produce usable power (e.g. for 
extraction or storage). 

Although the embodiments detailed above have been described employing what 
are, in essence, two-way valves (e.g. butterfly valves), it is contemplated that a plurality 

30 of one-way valves could be used instead or a combination of one-way and two-way 

valves employed. In an embodiment employing a one-way valve system, each chamber 3 
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and 5 would include at least two one-way valves oriented oppositely to allow flow in 
opposite directions (i.e. to allow inflow and outflow of water). It is noted, however, that 
the one-way valve oriented for water outflow would need a closing mechanism to prevent 
outflow of water during filling operations. In an embodiment employing a combination of 
5 one-way and two-way valves, certain timing issues could be eliminated. In this regard, 
during a recycling operation between chambers 3 and 5, if appropriate valve orientations 
are employed, it would not be necessary to close the inflow (one-way) valve of the 
"filling" chamber once equilibrium between the chambers is reached (because the one- 
way nature will prevent water loss after equilibrium water levels are surpassed). In such 

10 an embodiment, certain efficiencies can be achieved by orienting one-way valves 

opposite two-way valves located on opposite walls of the manifold/chambers (to improve 
flow/filling efficiency). 

In particularly preferred embodiments, such as illustrated in Figs 3 A-3F, each 
buoyant object includes a ballast compartment which is capable of taking on or dumping 

15 ballast at certain phases of upstrokes or downstrokes in order to increase the amount of 
power produced thereby. For example, as buoyant object 9 is approaching the pinnacle of 
its upstroke, ballast compartment 21 can be opened (e.g. with conventional valves or 
ballast compartment doors) thereby to accept water as ballast. Thus, at the time buoyant 
object 9 has reached the pinnacle of the upstroke, the ballast compartment has filled with 

20 water and has an increased effective mass. With such an increased mass, when chamber 5 
evacuates (the initiation of which is illustrated in Fig. 3D), buoyant object 9 will produce 
a more powerful downstroke. Similarly, as the downstroke is being completed (or at 
completion), the ballast compartments can be opened again and water evacuated 
therefrom. In this manner, the effective mass of buoyant object 9 can be reduced resulting 

25 in an object possessing greater buoyancy. As a result, when chamber 5 is filled again, 
buoyant object 9 will complete a more powerful upstroke. A complete sequence of this 
procedure occurring in both buoyant objects 7 and 9 can been seen in Figs. 3A-3F. 

It is noted that the timing of the filling and draining of ballast compartments 21 
can be adjusted according to specific operating conditions and apparatus designs. In this 

30 regard, while it may be most efficient for one design to begin filling a ballast 

compartment 21 during the upstroke, in another design it may be most beneficial to fill 



the ballast compartment only at the pinnacle of an upstroke. Other timings for filling or 
draining ballast compartments are, of course, contemplated for both upstrokes and 
downstrokes. 

In further preferred embodiments, alternatives to manifold 20 may be employed. 
5 In such an embodiment, manifold 20 can be eliminated and simple piping and valves 
employed to provide the fluid connections between chambers 3 and 5. 

In still further preferred embodiments, buoyant objects 7 and 9 are designed with 
sufficient freeboard such that the top surfaces of the buoyant objects are never covered by 
water. By designing the objects with freeboard as such, water will not obstruct the 
1 0 upstrokes of the buoyant objects. 

In yet further preferred embodiments, an individual chamber housing a single 
buoyant object with at least one ballast compartment can be employed. Alternatively, 
three or more chambers can be interconnected with an equivalent number of buoyant 
objects associated therewith. In such an embodiment, water would be recycled among the 
1 5 various chambers in a manner similar to that described above. It is further noted that in 
any multiple chamber system, if there is a mechanical failure, less than all of the 
chambers can be operated to continue to produce power. In such a circumstance, 
recycling operations can be shut down temporarily with filling and draining being 
accomplished solely by the flow from upper water body 1 1 into the chambers with all 
20 draining being effected into lower water body 13. 

Once given the above disclosure, many other features, modifications, and 
improvements will become apparent to the skilled artisan. Such other features, 
modifications, and improvements are therefore considered to be part of this invention, the 
scope of which is to be determined by the following claims: 

25 
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